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Introduction {#sec005}
============

Aging occurs at an exponential growth rate worldwide, characterized by the process of progressive decline in cellular, physical, and mental capacities \[[@pone.0236555.ref001]\]. This process is closely related to the incidence of diseases, such as sarcopenia (progressive and significant loss of muscle mass and strength) and frailty syndrome (age-related decline in the physiological system, affecting strength and resistance, increasing the risk of falls, dependence or death) \[[@pone.0236555.ref001]--[@pone.0236555.ref004]\].

These syndromes can appear early on and be aggravated by the exposure to the demands of work during the active course of professional life \[[@pone.0236555.ref002]--[@pone.0236555.ref007]\]. Furthermore, this has become more critical since the active workforce is increasingly aging. In contrast, workloads, as well as time and intensity of work, sometimes remain unchanged, in the older and in the middle-aged population \[[@pone.0236555.ref001]--[@pone.0236555.ref007]\].

As a consequence of unchanged occupational exposure, in middle-aged and older workers, the muscle\'s ability to generate energy tends to be reduced which, in turn, facilitates the early development of these age-related syndromes and as so-called work-related musculoskeletal disorders \[[@pone.0236555.ref001],[@pone.0236555.ref008],[@pone.0236555.ref009]\].

One of the key measures used for the diagnosis of these age-related syndromes is the handgrip strength test (HGS), which is measured by the static force exerted by the hand when holding and tightening a dynamometer \[[@pone.0236555.ref010]\]. The HGS is considered a biomarker of healthy aging \[[@pone.0236555.ref011]\] and an indicator of general muscle strength \[[@pone.0236555.ref012]\]. Also, it has excellent inter-rater reliability, is easy to apply, and has a low cost \[[@pone.0236555.ref004],[@pone.0236555.ref013]--[@pone.0236555.ref015]\].

Studies are rarely carried out on active-age workers who are exposed to highly demanding activities, such as in the automotive industry.

Reference values regarding handgrip strength in the automotive industry are few and feature small samples, being n 161, in the Australian population and 206 individuals in the British population \[[@pone.0236555.ref016],[@pone.0236555.ref017]\]. By contrast there are studies with larger sampling, such as the study carried out in Germany with a sample of 11,790 people aged 17--90 years, but the type of occupational activity that people were allocated to was not categorized. This Germany study validated the strong association between body height and increased handgrip strength, with each 10 cm in height associated with an increase in handgrip strength of 2 to 4 kg \[[@pone.0236555.ref018]\]. In another study carried out in the British population, the sample was 1645 people but did not report the activities the participants performed.

A study developed in the American population which is widely used in research because it was one of the first to provide normative values of handgrip strength, had a sample of 638 people between 20 and 90 years of age. However this study did not categorize the type of activities and occupational factors the participants were exposed to \[[@pone.0236555.ref019]\].

Therefore, studying the HGS measure in active-age workers can be fundamental in avoiding the early appearance of age-related syndromes and even the early appearance of work-related musculoskeletal disorders, which would influence the decrease in premature retirements.

Thus, this study aims to identify the normative values of handgrip strength for Portuguese workers in the automotive industry.

Materials and methods {#sec006}
=====================

The scientific committee of the Faculty of Human Kinetics from the University of Lisbon has approved the study protocol (protocol number 30/2019). All workers were informed about the purpose and procedures of the study and given their written informed consent.

Sample {#sec007}
------

A cross-sectional study was conducted in the area of assembly within the automotive industry. In the present study, the sample was recruited from a population of 1225 direct workers, using the randomization criterion, from the entire list of employees in the assembly area, provided by the industry\'s occupational area. The entire study took place at assembly facilities, lasting 20 weeks from September 2018 to January 2019. For a transversal study considering 5% of alpha error, 80% of power, and an effect size of 0.7, the sample must include 720 participants \[[@pone.0236555.ref020]\].

In this present study for the sample size calculation, participants were stratified by gender and age. Female workers were divided into five age groups and male workers into six age groups. Height levels were restricted to 146--177 cm for women and 150--190 cm for men.

To ensure normative values for healthy workers, the following exclusion criteria were applied: a) minimum value of 10 kg of handgrip force (exclusion workers; b) presentation of any medical restriction or occupational disease from the industry\'s occupational department; c) SF-12 criteria (Short Form Health Survey) with a score lower than 5% of the physical component score of the quality of life scale \[[@pone.0236555.ref018]\].

Measurements {#sec008}
------------

### Questionnaire SF-12 (Short Form Health Survey) {#sec009}

The SF-12 is composed of 12 items organized according to a Likert scale and includes physical components score (PCS) and mental components scores (MCS). The physical dimension comprises items related to physical function, physical performance, pain, and health in general, and the mental dimension covers mental health, emotional performance, social function, and vitality \[[@pone.0236555.ref018],[@pone.0236555.ref021]\]. SF 12 is considered a measure of high reliability concerning physical and mental aspects, in a study for HGS values with a large sample, and this instrument was used as an exclusion criterion \[[@pone.0236555.ref018]\].

### Anthropometry {#sec010}

For the height measurement, an upright position was obtained, participant-centred position on the tape, in relation to the stadiometer, footwear, arms extended along the body, feet joined or slightly separated. The head was oriented according to the Frankfurt plane, parallel to the ground, regardless of the worker's posture \[[@pone.0236555.ref022]\]. Due to the European safety norms industry setting, to height measure were removed 3 centimetres to compensate the height of the work shoes sole.

### Handgrip strength (HGS) {#sec011}

For the manual handgrip strength test, the standard position (the worker was in the sitting position, with the arms in abduction, forearms in pronation, and the hand in neutral position, elbow flexed at 90° degrees) was used for all participants \[[@pone.0236555.ref018],[@pone.0236555.ref019],[@pone.0236555.ref023]\]. The grip strength was measured in kilograms (kg) using the Jamar digital dynamometer \[[@pone.0236555.ref024]\]. Two measurements were performed in both hands. Position 2 of the Jamar dynamometer was used, because is the most appropriate position to measure the handgrip strength \[[@pone.0236555.ref019],[@pone.0236555.ref024]\]. The maximum value obtained with either hand is used as a summary measure of a person's isometric strength of the hand and forearm muscles \[[@pone.0236555.ref025],[@pone.0236555.ref026]\]. The Jamar dynamometer is extremely used, which is validated as a gold standard, with high test-retest reproducibility (r\> 0.8) and excellent reliability (r = 0.98) \[[@pone.0236555.ref027]\].

Data analyses {#sec012}
-------------

In order to perform the final sample, the eligibility criterion was applied. This was based on the SF-12 PCS score, standardized from the z-standardized with an average value of 36 and SD 2.35, defining the criterion for 5% below the PCS average.

Descriptive statistical analysis was used to determine mean (M), standard deviation (SD) and median values (ME) of the handgrip strength, stratified by five age groups of the women and the six age groups of men. Sex-specific profiles of handgrip strength were designed by the Ordinary Least Square regression (OLS) analysis \[[@pone.0236555.ref028]\], where height, age, age squared and height squared (independent variables) are entered in the models as determinant factors of the maximum grip strength (dependent variables) in both female and male groups. The objective of this statistical technique was to verify the mean peak values for women and men groups. A p-value of 0.05 was set as a statistically relevant result.

Afterwards, the cut-off values were calculated in order to identify workers with weak grip strength. These values were defined as 1SD and 2SD below the mean peak value and stratified by gender \[[@pone.0236555.ref009],[@pone.0236555.ref029]\]. The resulting values were plotted from the age groups defined by height.

Finally, handgrip strength measurements were first standardized for age and body height. The risk threshold was determined by subtracting 1 SD from the mean value of height-adjusted handgrip strength and age group \[[@pone.0236555.ref009]\]. The standardized measures of handgrip strength values were the z-standardized residuals (derived from sex-specific OLS regressions of handgrip strength values in kg on age (in years) and body height (in cm).

Results {#sec013}
=======

The sample was composed by 634 workers who had accepted to participate in the study. From those, 39 workers were excluded because they didn't fulfil the eligibility criteria, namely the 5% the physical component score (PCS) based in SF-12. This criterion was chosen to restrict the test population to healthy employees only. In addition to the SF-12 standards, it was also verified if the list of employees had any medical restriction from the occupational health department of the automotive industry.

So, the final sample included 617 workers, mainly men (\~74%), with a mean age of 33±8.58 years and a mean height of 173±6.50 cm; women presented a mean age of 32±8.03 years and a mean height of 160±5.95 cm.

In the present study, the only anthropometric measure we covered was height. The average height of women, according to the age groups, was 20--24 and 35--39 (1.61 cm), 25--29 and 30--34 years (1.62 cm), and in the 40--55 group, the mean height was 1.59 cm. The average height by the age groups of men was 20--24 (1.75 cm), 25--59, 30--34, and 35--39 (1.73 cm) and 40--44 and 45--57 (1.71 cm) ([S1 Table](#pone.0236555.s001){ref-type="supplementary-material"}). [Table 1](#pone.0236555.t001){ref-type="table"} shows the descriptive analysis of the age, heights, right handgrip measure 1, left handgrip measure 1, right handgrip measure 2, left handgrip measure 2 and the maximum measure handgrip, for all sample groups of men and women.

10.1371/journal.pone.0236555.t001

###### Descriptive analysis of the all sample and the group of men and women.

![](pone.0236555.t001){#pone.0236555.t001g}

                  All Sample (n 617)   Male (n 458)   Women (n 159)                                                           
  --------------- -------------------- -------------- --------------- ------ ------ ------ ------ ------ ------ ------ ------ ------
  Age (years)     20.0                 57.0           32.7            8.45   20.0   57.0   33.1   8.58   20.0   55.0   31.9   8.03
  Height (cm)     146                  193            170             8.45   154    193    173    6.50   146    179    160    5.85
  R Hand 1 (kg)   11.3                 82.7           42.3            12.2   16.0   82.7   46.9   10.1   11.3   50.6   29.1   6.75
  L Hand 1 (kg)   10.9                 80.1           40.3            11.4   19.9   80.1   44.7   9.43   10.9   49.9   27.9   6.55
  R Hand 2 (kg)   11.6                 79.7           43.2            12.0   18.1   79.7   47.8   9.80   11.6   50.8   29.8   6.96
  L Hand 2 (kg)   12.8                 79.0           39.6            11.0   16.8   79.0   43.7   9.29   12.8   44.6   27.8   6.15
  Max. M (kg)     17.7                 82.5           45.5            11.9   20.1   82.5   50.4   9.30   17.7   50.8   31.4   6.36

Max. M = maximum measure of HGS; R Hand 1 and 2 = Right Hand measure of HGS 1 and 2; L Hand 1 and 2 = Left Hand HGS measure of HGS 1 and 2. As stated in the grip strength protocol, there were two measurements with the right hand and the left hand (in totally four-measure). However, only the maximum measure that was considered for the study.

The mean peak of the handgrip strength was obtained from the OLS regression. The mean peak value of the handgrip strength for women was 34 kg and was reached in the age group of 35--39 years ([Fig 1](#pone.0236555.g001){ref-type="fig"}) in contrast, for men, the mean peak value of handgrip strength was of about 52 kg in the age group of 25--34 years ([Fig 2](#pone.0236555.g002){ref-type="fig"}).

![Mean peak values of handgrip strength extracted from the OLS regression in the women group workers.](pone.0236555.g001){#pone.0236555.g001}

![Mean peak values of handgrip strength extracted from the OLS regression in the male group workers.](pone.0236555.g002){#pone.0236555.g002}

The most pronounced HGF peak decrease appeared in women in the age group of 30--34 year-olds, with 4kg ([Fig 1](#pone.0236555.g001){ref-type="fig"}) below the mean peak strength. For the men, this decline was 2kg, in the age group between the 40--57 years ([Fig 2](#pone.0236555.g002){ref-type="fig"}).

Furthermore, the prevalence of workers in each of the weak handgrip strength groups was determined through 1 SD and 2 SD below the peak mean values, also in relation to the low grip strength cut-off for men at 27 kg and for women at 16 kg, based on Cruz-Jentoft et al \[[@pone.0236555.ref009]\]. The age group of 20--24 year-olds in the women\'s group had the values of 1 SD and 2 SD, respectively, 25.4 kg and 20.1 kg. The female age group of 30--34 year-olds i, they had the lowest values of deviations, and in the 2 SD (15.1 kg), they were below the cut-off ([Fig 3](#pone.0236555.g003){ref-type="fig"}).

![Distribution of female workers according to the mean grip strength values (below 1 SD and 2 SD), and the relation to the cut-off, according to the age groups.](pone.0236555.g003){#pone.0236555.g003}

The age group of 35--39 year-olds in the men's group had the values of 1 SD and 2 SD, respectively, 42.7 kg and 34.6 kg. The lowest values of 1 SD and 2 SD found in the group of men were in the 45--57 age group with 38.8 kg and 29.9 kg, 1 and 2 SD respectively. However, no age groups in the men\'s group are below the cut-off line ([Fig 4](#pone.0236555.g004){ref-type="fig"}).

![Distribution of male workers according to the mean grip strength values (below 1 SD and 2 SD), and the relation to the cut-off, according to the age groups.](pone.0236555.g004){#pone.0236555.g004}

The normative values for Portuguese workers are presented in Tables [2](#pone.0236555.t002){ref-type="table"} and [3](#pone.0236555.t001){ref-type="table"}, separately for women and men. The female workers were divided into 5 age groups (20--24, 25--29, 30--34, 35--39, 40--55) and in the male workers were distributed by 6 age groups (20--24, 25--29, 30--34, 35--39, 40--44, 45--57). In the group of women, we chose to divide it into five age groups, because the population over 40 was not in large number.

10.1371/journal.pone.0236555.t002

###### Normative reference values of handgrip strength for women workers.

![](pone.0236555.t002){#pone.0236555.t002g}

  Age               Height     HGM    SD     Risk Threshold
  ----------------- ---------- ------ ------ ----------------
  20--24\* n (31)   151--155   31.0   6.00   25.0
  156--160          29.5       4.84   24.7   
  161--165          31.2       3.53   27.7   
  166--170          29.9       7.06   22.8   
  +171              36.3       2.61   33.7   
  25--29 n (51)     146--150   27.2   5.30   21.9
  151--155          30.1       3.19   26.9   
  156--160          31.0       5.96   25.0   
  161--165          30.8       6.41   24.4   
  166--170          35.7       8.52   27.2   
  +171              33.2       12.8   20.4   
  30--34\* n (30)   151--155   27.2   2.28   24.9
  156--160          28.2       4.71   23.5   
  161--165          30.6       9.35   21.3   
  166--170          31.2       4.91   26.3   
  +171              30.1       11.4   18.7   
  35--39\* n (22)   146--150   29.2   0.21   29.0
  151--155          38.2       0.56   37.6   
  161--165          32.9       2.15   30.8   
  166--170          36.2       14.0   22.2   
  +171              39.5       4.59   34.9   
  40--55\* n (34)   146--150   25.1   3.66   21.4
  151--155          32.1       8.47   23.6   
  156--160          32.5       5.47   27.0   
  161--165          32.1       5.60   26.5   
  166--170          35.6       1.62   34.0   

At the intersection between the height of 146--150 cm and age between 20--24 and 30--34 years-old, the height of 156--155 cm and age between 35--39 years-old, and the height of +171 cm and age between 40--55 years-old, no participant was found such characteristic, and therefore, this height was withdrawn from this age group.

10.1371/journal.pone.0236555.t003

###### Normative reference values of handgrip strength for men workers.

![](pone.0236555.t003){#pone.0236555.t003g}

  Age (years)       Height (cm)   HGM (Kg)   SD     Risk Threshold
  ----------------- ------------- ---------- ------ ----------------
  20--24\* n(80)    160--164      47.6       4.10   43.5
  165--169          46.1          8.29       37.8   
  170--174          48.3          9.76       38.5   
  175--179          50.5          8.61       41.9   
  180--184          52.4          7.14       45.3   
  185               63.0          6.61       56.4   
  25--29 n (102)    154--159      46.8       6.15   40.7
  160--164          47.8          5.41       42.4   
  165--169          47.0          5.83       41.2   
  170--174          51.7          9.20       42.5   
  175--179          52.6          10.1       42.5   
  180--184          56.7          8.53       48.2   
  185               55.7          9.43       46.3   
  30--34\* n (80)   160--164      43.8       1.60   42.2
  165--169          46.2          10.7       35.5   
  170--174          48.6          8.63       40.0   
  175--179          54.2          9.55       44.7   
  180--184          61.2          10.4       50.8   
  185               62.1          8.44       53.7   
  35--39\* n (73)   160--164      43.9       13.2   30.7
  165--169          52.5          11.1       41.4   
  170--174          48.6          8.61       40.0   
  175--179          49.1          7.70       41.4   
  180--184          55.9          5.68       50.2   
  185               55.1          11.4       43.7   
  40--44 n (54)     154--159      46.0       3.15   42.9
  160--164          44.3          9.32       35.0   
  165--169          46.8          9.92       36.9   
  170--174          51.0          7.93       43.1   
  175--179          51.8          8.29       43.5   
  180--184          53.8          4.16       49.6   
  185               44.2          3.46       40.7   
  45--57 n (60)     154--159      40.5       10.5   30.0
  160--164          49.9          10.7       39.2   
  165--169          44.6          5.03       39.6   
  170--174          46.8          11.2       35.6   
  175--179          52.7          9.27       43.4   
  180--184          50.4          8.85       41.6   
  185               57.6          6.78       50.8   

At the intersection between the height of 154--159 cm and the age between 20--24; 30--34,and 35--39 years old, no participant was found with such characteristic, and therefore, this height was removed from this age group.

The maximum value of the handgrip strength in the female groups and in the age group of 35--39 years, with a height greater than (+) 171 cm, was 39.5 kg. Moreover, the minimum value appeared in the 40--55 age group with a height between 146-150cm, and 25.1kg ([Table 2](#pone.0236555.t002){ref-type="table"}).

The maximum value of the handgrip strength was 63.0 kg for the male workers in the age group of 20--24 years and height higher than (+) 185 cm. The minimum value was about 40.5 kg in the age group of 45--57 years at the height of 154-159cm ([Table 3](#pone.0236555.t001){ref-type="table"}).

[Table 4](#pone.0236555.t004){ref-type="table"} presents the proportion of workers, according to age and height groups, of both genders, stratified by standard deviations, from the Z-standardized values of the handgrip strength, obtained through the Ordinary least square regression models.

10.1371/journal.pone.0236555.t004

###### Distribution of workers by gender and age groups according the height--z-standardized handgrip strength.

![](pone.0236555.t004){#pone.0236555.t004g}

                                   n Male   \%     n Female   \%
  -------------------------------- -------- ------ ---------- ------
  Reference group sM(+/0.5SD)      182      40.9   67         42.7
  \(1\) 0.5SD \<1.0 SD below sM    68       15.3   28         17.8
  \(2\) 1.0 SD \<1.5 SD below sM   42       9.40   9          5.70
  \(3\) 1.5 SD \<3.0 SD below sM   21       4.70   10         6.40
  \(4\) 0.5 SD \<1.0 SD above sM   65       14.6   15         9.60
  \(5\) 1.0 SD \<1.5 SD above sM   40       9.00   17         10.8
  \(6\) 1.5 SD \<3.0 SD above sM   27       6.10   11         7.00
  **Total**                        445      91     157        100

The sample consisted of men and women between the ages of 20 and 57 years. In the men\'s group, the body height has restricted in 160--200 cm. And the women group the body height is restricted from 146 to 181 cm. And the HGS measured is limited between 10 and 75 kg. The standardized handgrip strength was obtained from the Ordinary least square and using the z-standardized residuals (M = 0 SD = 0.96).

It was observed that the largest number of workers were in the reference group, and, in the group of men, only 4.7% of the sample of the workers were between 1.5 - \<3.0 SD, below the mean values. For the women only 6.4% were between 1.5 - \<3.0 SD below the mean values for gender ([Table 4](#pone.0236555.t004){ref-type="table"}).

Discussion {#sec014}
==========

This study aims to establish normative values for the handgrip strength of Portuguese workers in the automotive industry in order to identify low handgrip strength thresholds. Such limits can assist in identifying, declining aspects of muscle capacity, and even form an alert to check for the possible development of frailty and sarcopenia syndrome. These declines in muscle capacity and the warning for syndromes related to aging are likely since the grip strength measure can be used as a predictor of whole-body strength \[[@pone.0236555.ref030]\]. As for frailty and sarcopenia, the HGS is one of the parameters to identify them \[[@pone.0236555.ref009]\].

The limit values were reported and stratified by sex, age, and body height. Stratification by height is essential as it has an influential role in handgrip strength. There are reports in studies that every 10 cm body height can lead to a 2--4 kg increase in handgrip strength \[[@pone.0236555.ref018]\]. However, in the present study, when comparing the lowest and highest height, in both gender groups (Tables [1](#pone.0236555.t001){ref-type="table"} and [2](#pone.0236555.t002){ref-type="table"}), it is interesting to note that sometimes the difference is greater than 2 to 4 kg of strength \[[@pone.0236555.ref018]\]. This may also be related to the type of activity that workers perform in the assembly area \[[@pone.0236555.ref031]\], where the muscle groups of the forearm region, may exert more effort \[[@pone.0236555.ref001]\]. It is important to note that the study population is limited to healthy workers.

In the automotive industry, or in other occupational settings, the use of height measurement can be an essential factor when designing work conditions tailored to older workers. For example, in activities that require gripping of the objects above the head level, it would be appropriate to change the layout or work plan height in order to allow senior workers to perform them without constrains. Such preventive measure could prevent the emergence of musculoskeletal disorders and even the early onset of sarcopenia due to micro trauma developed by the impact of task demands \[[@pone.0236555.ref016],[@pone.0236555.ref032]--[@pone.0236555.ref036]\].

Another interesting finding in the present study has found in the group of women between 30 and 34 years old, where there was a 4 kg drop in handgrip strength when compared to women in the age group of 35 to 39 years. This situation can be explained by the seniority in the company, where the age group that comprised the highest average peak force (35--39 years) was in the company for only two (2) years and was therefore less impacted by work demands, which remain the same for young and older workers \[[@pone.0236555.ref016],[@pone.0236555.ref031],[@pone.0236555.ref032],[@pone.0236555.ref037],[@pone.0236555.ref038]\]. In the male group, the decline is in the age group of 40--57 years, which was expected, since it is in this age group that the most characteristic decline occurs when compared to the other age groups \[[@pone.0236555.ref010],[@pone.0236555.ref012],[@pone.0236555.ref023],[@pone.0236555.ref039],[@pone.0236555.ref040]\].

To our knowledge, our study is the first to produce normative handgrip strength values for the Portuguese workers in automotive industry, so we chose to compare the results of our study with 4 other previously published international studies. We considered the differences in mean peak values from previous studies with our average grip strength values expressed as a percentage of our value and / or in kg.

In the first previously published study conducted in the German population, between the ages of 17 and 90 years, in both sexes; compared to the present study, the group of German men has mean peak handgrip strength of 2% higher than the male population of the present study. When compared to the present study, Portuguese women are 0.5% below the average peak force in comparison to the German women group \[[@pone.0236555.ref018]\].

The second study conducted in the English population, where 12 major reviews were compiled for the creation of the normative values of handgrip strength. The values of the peak handgrip strength were different when compared to the present study. Both the English men and women groups are 3% below the mean peak strength value observed in the Portuguese workers \[[@pone.0236555.ref023]\].

In a study conducted in the American population, normative values of handgrip strength were determined in the seven age groups. The handgrip strength peak of the American male population was 3.2% higher than the present male population. In the women\'s group, when compared to the current study group, the average grip strength was 1.7% lower in all age groups \[[@pone.0236555.ref019]\].

By comparing the statistics from America, English, and German, with the population of the present study, we can infer that small differences in strength could be closely related to the type of activity (work demands) developed in the automotive sector. Effectively, there are several high demanding tasks, characterized by handling loads, unfavorable static postures, repetitive upper limb movements of force, influence on the occurrence of micro trauma surgery in the wrist, hand and elbow regions, interfering with the handgrip strength \[[@pone.0236555.ref001],[@pone.0236555.ref031]--[@pone.0236555.ref033],[@pone.0236555.ref041]--[@pone.0236555.ref043]\].

In another study of 187 male workers in the English automotive industry, the average peak handgrip strength was found in the age group of 40--44 years with 47kg grip strength \[[@pone.0236555.ref017]\]. Thus, the male population of the present study has an average peak handgrip strength that is 6 kg higher than the English car industry population. We can infer from the report of the author of the fourth study, that the situation of lower grip strength may be associated with the lack of calibration of the dynamometers used \[[@pone.0236555.ref017],[@pone.0236555.ref044]\].

Our study has shown that grip strength has a peak increase in early adulthood (20--24 years) in both genders, and then enters a less-pronounced decline with advancing age (from the age of 40). However, as explained above, the group of women (30--34 years) due to occupational exposure had a more pronounced decline \[[@pone.0236555.ref016]\].

Also this study found a high prevalence of weak grip strength based on 1 and 2 SD and cut-off points based on \[[@pone.0236555.ref009]\]. In the 30--34 age group for women and in the 45--57 age group with 15.2 kg for women and 29.9 kg for men, thus producing more discriminatory cutoff values for grip strength by 40% for women (30--34 years) and 23.2% in the group of men aged 45--57 years (Figs [3](#pone.0236555.g003){ref-type="fig"} and [4](#pone.0236555.g004){ref-type="fig"}). The cut-off could be a significant ally for the automotive industry, where these age groups in both genders should be monitored more frequently to prevent the onset of sarcopenia and frailty syndrome \[[@pone.0236555.ref009]\].

Conclusion {#sec015}
==========

Normative values can help delineate the career path of workers because they represent risk values according to age, height, and gender. These thresholds can be very useful to help on the adjustment of work conditions to the morphological and strength characteristics of the worker. Thus, it is possible to design or redesign the conditions work processes associated with the predictive values of HGS and the implementation of the workers\' clinical surveillance system through periodic using the HGS test.

Supporting information {#sec016}
======================

###### [Table 1](#pone.0236555.t001){ref-type="table"} descriptive analysis of height for age groups in women and men.

(DOCX)
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Click here for additional data file.
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5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Dear Authors,

The research aimed to identify the normative values of handgrip strength for Portuguese workers in the automotive industry. The research has the potential to improve working conditions, prevent occupational disease, premature retirements and, consequently improve the quality of live for Portuguese workers.

Although the research is well written and the message is clear, minor adjustments are needed, which will be presented below:

Abstract: do not repeat the words that were used in the title as key terms.

Line 161: correct reference 9 (remove parentheses and inform author).

Results: The description of the sample was well done, but I missed the number of individuals per age group. I request that the authors add this information.

The results were well explored as text, however, the tables and figures can be improved.

Tables and figures:

Complement in the title the characteristics of the studied population: Portuguese women and men workers in the automotive industry.

Include the description of the abbreviation OR avoid abbreviation and include the complete nomenclature.

Include the number of people per group ("N"), when necessary.

Figures 3a and 3b: The figures are not clear, I suggest inserting the units of measurement of the scales.

The manuscript needs minor modifications before being accepted for publication. I hope that my suggestions contribute to improving the manuscript.

Sincerely.

Reviewer \#2: The present study aimed to identify the normative values of handgrip strength for Portuguese workers in the automotive industry.

Abstract

Results: Please, verify age range for women regarding force declining. The abstract indicated force starting to declines for ages bellow the range that force reaches the peak ... is it correct?

Conclusion: authors re-introduced the issue and suggested applications in very broad sense. Please, re-write the text according to the evidences of your results and make specific appointments concerning occupational care of Portuguese workers.

Introduction

The present study aimed "to identify the normative values of handgrip strength for Portuguese workers". According to the authors, the assessment of strength level would support the diagnosis of muscle syndromes related to aging process (e.g.: frailty and sarcopenia), and handgrip scores is reliable to parametrize the development of syndromes affecting muscle ability to generate force accordingly. Moreover, authors included some paragraphs (apart of general introduction, which does not match PLOS One guidelines) to specify how different countries developed their own reference for handgrip strength.

However, author did not give enough information to support the theoretical link between handgrip scores of muscle force and muscle weakness/disability to perform a given occupational function. Furthermore, author fails to state the need to develop an index of force for each country, and the reasons for the lack of confidence in worldwide scores.

Methods

pp. 56 -- 57: why to elect only workers from final assembly area?

pp. 60 -- 65: text discussing the sample size. It is not appropriate in method section.

pp. 67-69: include the age range, numbers of workers, average weight and height for each age group.

pp. 70-74: include the numbers of participants excluded according each criteria.

p\. 76: Methods (again?) .... Measurements (?)

pp. 114 -- 117: identify the dependent parameter.

p\. 115: OLS require alpha number to determine include and excluded variables.

pp. 120-122: support the choice of 1SD and 2SD to define cut-off values.

pp. 124 -- 125: support the choice of 1SD to define risk threshold.

Results

pp. 131 -- 140: describe the process of sample selection and should be located accordingly. Decimal cases should be separated by points.

pp. 141-144: I can't observe differences in force values when compared the age groups for both female (Fig 1) and male (Fig 2). Did authors proceeded statistical test to compare force between groups?

All Figures should be revised. The units are not present, as well as, "Y" title.

p\. 150: I am not sure that the term "decline" fits well to describe force profile variations between age groups. If authors considered such score the worsts, then force has not age as independent factor among females.

p\. 163: revise kilograms symbol.

Figures 3a and 3b aren't parts of the same figure.

Discussion

pp. 231-233: the findings are limited to the establishment of reference values. There is no results to confirm that workers having force values bellow the risk threshold presented sarcopenia or frailty syndrome. Please, revised this statement or support it better from your results.

pp. 236-237: This statement could not be corroborated from the results of Tables 1 and 2. Please, discuss it better.

p\. 272: "malepopulation" means "male population"?

pp. 289 -- 300: results for peak of force, force decrement, and cut-off points were just comment and not compared to others results from literature.

In discussion section, authors limited to explain differences regarding the references of force for handgrip test by comparing with others similar studies, or even reinforce main results. The applications to parametrize muscle syndromes and support occupational adjustments were discussed superficially.

Conclusion

pp. 304-309: author concluded about possible applications of the results. Most of these applications had no results to support the appointments. For example: (1) the ability to perform work above head was not related to handgrip force, and (2) the clinical relevance of handgrip force ability or disability to endorse worker relocation should be the proposition for future studies.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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23 May 2020

Dear Reviewers,

Thank you very much for the positive evaluation of our paper and valuable comments that helped us improve it. Many of these comments have embarrassed us, we should see these imperfections ourselves.

We have done our best to make the paper really good. We hope that it will meet your expectations.

We have learned a lot thanks to your comments.

Thank you

1- Reviewer Editor

1\. Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at

<https://journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and<https://journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

Answer: It has already been changed in the article and the system of Plos One.

2\. In your Methods section, please provide additional information about the participant recruitment method and the demographic details of your participants.

Please ensure you have provided sufficient details to replicate the analyses such as:

a\) the recruitment date range (month and year):

Answer: It was added to the text:

"The entire study took place at the assembly area facilities, lasting 20 weeks from September 2018 to January 2019"

b\) a description of any inclusion/exclusion criteria that were applied to participant recruitment

Answer: We add detailed information about exclusion criteria:

"To ensure normative values for healthy workers, the following exclusion criteria were applied: a) minimum value of 10 kg of handgrip force; b) present any medical restriction and occupational disease from the industry\'s occupational department; c) SF-12 criteria (Short Form Health Survey) with a score lower than 5% of the physical component score of the quality of life scale (24)."

c\) a table of relevant demographic details:

Answer: Due to the complexity of removing a worker from the assembly area, and as the study\'s objective was related to the handgrip measure, only the height measure was verified: We did not measure the weight. We have table 1, with descriptive analyzes of the total population, stratified by gender and describing age, the two measures of each hand (totaling four measures), and the maximum measure of handgrip strength (HGS).

Table 1. Descriptive analysis of the all sample and the group of men and women.

All Sample (n 617) Men (n 458) Women (n 159)

Min Max x SD Min Max x SD Min Max x SD

Age (years) 20.0 57.0 32.7 8.45 20.0 57.0 33.1 8.58 20.0 55.0 31.9 8.03

Height (cm) 146 193 170 8.45 154 193 173 6.50 146 179 160 5.85

Right Hand 1 (kg) 11.3 82.7 42.3 12.2 16.0 82.7 46.9 10.1 11.3 50.6 29.1 6.75

Left Hand 1 (kg) 10.9 80.1 40.3 11.4 19.9 80.1 44.7 9.43 10.9 49.9 27.9 6.55

Rigth Hand 2 (kg) 11.6 79.7 43.2 12.0 18.1 79.7 47.8 9.80 11.6 50.8 29.8 6.96

Left Hand 2 (kg) 12.8 79.0 39.6 11.0 16.8 79.0 43.7 9.29 12.8 44.6 27.8 6.15

Max. Measure (kg)\* 17.7 82.5 45.5 11.9 20.1 82.5 50.4 9.30 17.7 50.8 31.4 6.36

Maximum measure of handgrip .As stated in the grip strength protocol, there were two measurements with the right hand and the left hand (in totally four-measure). However, only the maximum measure was considered for the study.

d\) A statement as to whether your sample can be considered representative of a larger population.

Answer: The sample size was carefully calculated to ensure that the results obtained for this sample could be extrapolated to the population of workers in the automotive industry.

e\) A description of how participants were recruited, and f) descriptions of where participants were recruited and where the research took place.

Answer: The entire study took place at the assembly area facilities .In the present study, the sample was recruited from a population of 1225 direct workers, using the randomization criterion, from the entire list of employees in the assembly area, provided by the company.

4\. We note that you have stated that you will provide repository information for your data at acceptance. Should your manuscript be accepted for publication, we will hold it until you provide the relevant accession numbers or DOIs necessary to access your data. If you wish to make changes to your Data Availability statement, please describe these changes in your cover letter and we will update your Data Availability statement to reflect the information you provide.

5\. Please ensure that you refer to Figure 4 in your text as, if accepted, production will need this reference to link the reader to the figure.

Answer: It was modified in the manuscript.

6\. Please include captions for your Supporting Information files at the end of your manuscript, and update any in-text citations to match accordingly. Please see our Supporting Information guidelines for more information: <http://journals.plos.org/plosone/s/supporting-information>

Answer: It was modified in the manuscript.

2- Reviewer 1:

1\. Abstract: do not repeat the words that were used in the title as key terms.

Answer: The key words were modified the manuscript:

"Key terms: Handgrip strength; Sarcopenia; Functional thresholds; Work population

2\. Line 161: correct reference 9 (remove parentheses and inform author).

Answer: It was corrected by:

"Furthermore, the prevalence of workers in each of the weak handgrip strength groups was determined through 1 SD and 2 SD below the peak mean values, also in relation to the low grip strength cut-off for men at 27 kg and for women at 16 kg, based on Cruz-Jentoft et al. (9)."

3\. Results: The description of the sample was well done, but I missed the number of individuals per age group. I request that the authors add this information.

Answer: " It was included, in the tables, the reference of the number of workers for each age group. Additionally tables have been improved ".

4\. The results were well explored as text, however, the tables and figures can be improved.

5\. Tables and figures:

Complement in the title the characteristics of the studied population: Portuguese women and men workers in the automotive industry.

Include the description of the abbreviation OR avoid abbreviation and include the complete nomenclature.

Include the number of people per group ("N"), when necessary.

Answer related to question 4 and 5: "It was changed as suggested, in the manuscript ".

6\. Figures 3a and 3b: The figures are not clear; I suggest inserting the units of measurement of the scales.

Answer: "The figure was changed to figure 3 and figure 4, according the suggestions'.

3- Reviewer 2:

7\. Abstract

Results: Please, verify age range for women regarding force declining. The abstract indicated force starting to declines for ages bellow the range that force reaches the peak ... is it correct?

Answer: "The age interval is correct ".

8\. Conclusion: authors re-introduced the issue and suggested applications in very broad sense. Please, re-write the text according to the evidences of your results and make specific appointments concerning occupational care of Portuguese workers.

Answer: The sentence was changed:

"Normative values can help delineate the career path of workers because they portray risk values according to age, height, and gender. The normative values help health and engineering professionals and ergonomists to adjust the tasks demands to the morphological and strength characteristics of the workers ".

9\. Introduction

The present study aimed "to identify the normative values of handgrip strength for Portuguese workers". According to the authors, the assessment of strength level would support the diagnosis of muscle syndromes related to aging process (e.g.: frailty and sarcopenia), and handgrip scores is reliable to parametrize the development of syndromes affecting muscle ability to generate force accordingly. Moreover, authors included some paragraphs (apart of general introduction, which does not match PLOS One guidelines) to specify how different countries developed their own reference for handgrip strength.

However, author did not give enough information to support the theoretical link between handgrip scores of muscle force and muscle weakness/disability to perform a given occupational function. Furthermore, author fails to state the need to develop an index of force for each country, and the reasons for the lack of confidence in worldwide scores.

Answer: It was added the following text in the introduction:

"One of the key measures used for the diagnosis of these age-related syndromes is the handgrip strength test (HGS), which is measured by the static force exerted by the hand when holding and tightening a dynamometer (13). The HGS is considered a biomarker of healthy aging (40) and an indicator of general muscle strength (14). Also, it has excellent inter-rater reliability, is easy to apply, and has a low cost (4,10-12).

Studies are rarely carried out on active-age workers who are exposed to highly demanding activities, such as in the automotive industry.

Reference values regarding handgrip strength in the automotive industry are few and feature small samples, being n 161, in the Australian population and 206 individuals in the British population (33, 38). By contrast there are studies with larger sampling, such as the study carried out in Germany with a sample of 11,790 people aged 17-90 years, but the type of occupational activity that people were allocated to was not categorized. This Germany study validated the strong association between body height and increased handgrip strength, with each 10 cm in height associated with an increase in handgrip strength of 2 to 4 kg (24). In another study carried out in the British population, the sample was 1645 people but did not report the activities the participants performed.

A study developed in the American population which is widely used in research because it was one of the first to provide normative values of handgrip strength, had a sample of 638 people between 20 and 90 years of age. However this study did not categorize the type of activities and occupational factors the participants were exposed to. (27).

Therefore, studying the HGS measure in active-age workers can be fundamental in avoiding the early appearance of age-related syndromes and even the early appearance of work-related musculoskeletal disorders, which would influence the decrease in premature retirements."

10- Methods

10- pp. 56 -- 57: why to elect only workers from final assembly area?

Answer: "It is worth mentioning that the assembly area in the automotive industry is the most critical place, regarding the high rate of musculoskeletal disorders, mainly in the upper limb ".

11- pp. 60 -- 65: text discussing the sample size. It is not appropriate in method section.

Answer: "It was removed from that section and placed in the discussion part.

12- pp. 67-69: include the age range, numbers of workers, average weight and height for each age group.

Answer: "As the aim of this study was to determine the threshold of handgrip strength according the height, we still did not collect the weight data. However, the data related to height, number of employees by age group and sex, was carried out and is included in tables 1, 2, and 3 ".

13- pp. 70-74: include the numbers of participants excluded according each criteria.

Answer: We add the following text:

"To ensure normative values for healthy workers, the following exclusion criteria were applied: a) minimum value of 10 kg of handgrip force; b) present any medical restriction and occupational disease from the industry\'s occupational department; c) SF-12 criteria (Short Form Health Survey) with a score lower than 5% of the physical component score of the quality of life scale (24)."

14- p. 76: Methods (again?) .... Measurements (?)

Answer: It was changed to Measurements

15- pp. 114 -- 117: identify the dependent parameter.

p\. 115: OLS require alpha number to determine include and excluded variables.

pp. 120-122: support the choice of 1SD and 2SD to define cut-off values.

pp. 124 -- 125: support the choice of 1SD to define risk threshold.

Answer: The text was rewritten:

"Descriptive statistical analysis was used to determine mean (M), standard deviation (SD) and median values (ME) of the handgrip strength, stratified by five age groups of the women and the six age groups of men. Sex-specific profiles of handgrip strength were designed by the Ordinary Least Square regression (OLS) analysis (16), where height, age, age squared and height squared (independent variables) are entered in the models as determinant factors of the maximum grip strength (dependent variables) in both female and male groups. The objective of this statistical technique was to verify the mean peak values for women and men groups. A p-value of 0.05 was set as a statistically relevant result.

Afterwards, the cut-off values were calculated in order to identify workers with weak grip strength. These values were defined as 1SD and 2SD below the mean peak value and stratified by gender (17; 9). The resulting values were plotted from the age groups defined by height.

Finally, handgrip strength measurements were first standardized for age and body height. The risk threshold was determined by subtracting 1 SD from the mean value of height-adjusted handgrip strength and age group (9). The standardized measures of handgrip strength values were the z-standardized residuals (derived from sex-specific OLS regressions of handgrip strength values in kg on age (in years) and body height (in cm).

16- Results:

pp. 131 -- 140: describe the process of sample selection and should be located accordingly. Decimal cases should be separated by points.

Answer: The paragraph was changed:

"A cross-sectional study was conducted in the area of assembly of the automotive industry. In the present study, the sample was recruited from a population of 1000 direct workers, using the randomization criterion, from the entire list of employees in the assembly area, provided by the industry\'s occupational area. The entire study took place at the assembly area facilities, lasting 20 weeks from September 2018 to January 2019."

17-pp. 141-144: I can't observe differences in force values when compared the age groups for both female (Fig 1) and male (Fig 2). Did authors proceeded statistical test to compare force between groups?

All Figures should be revised. The units are not present, as well as, "Y" title.

Answer: "There was no association between the groups of women and men. However it was stablished that the determination of normative values, it is more appropriate to perform it by gender. The figures have been revised and changed ".

18- p. 150: I am not sure that the term "decline" fits well to describe force profile variations between age groups. If authors considered such score the worsts, then force has not age as independent factor among females.

Answer: The sentence was rewritten:

"The most pronounced HGF peak decrease appeared in women in the age group of 30-34 year-olds, with 4kg (Fig 1) below the mean peak strength.2

19- p. 163: revise kilograms symbol; Figures 3a and 3b aren't parts of the same figure.

Answer: "The figures were transformed to 3 and 4, and the kilogram symbol was also changed ".

20- e) Discussion

Question 16: pp. 231-233: the findings are limited to the establishment of reference values. There are no results to confirm that workers having force values bellow the risk threshold presented sarcopenia or frailty syndrome. Please, revised this statement or support it better from your results.

Answer: The sentence was rewritten:

"The study established normative values for the handgrip strength of Portuguese workers in the automotive industry to identify low handgrip strength limits. Such limits can assist the trigger in identifying, declining aspects of muscle capacity, and even an alert to check for the possible development of frailty and sarcopenia syndrome. These declines in muscle capacity and the warning for syndromes related to aging are likely since the grip strength measure can be used as a predictor of whole-body strength (42). As for fragility and sarcopenia, the HGS is one of the parameters to identify them (9)."

21- pp. 236-237: This statement could not be corroborated from the results of Tables 1 and 2. Please, discuss it better.

Answer: The sentence was improved

"However, in the present study, when comparing the lowest height and the highest height, in both groups (table 1 and table 2), it is interesting to note that sometimes the difference is greater than 2 to 4 kg of strength (24). This may also be related to the type of activity that workers perform in the assembly area (21), where the muscle groups referring to the forearm region, maybe more exercise (1). It is important to note that the study population is healthy workers."

22- Question 17: p. 272: "male population" means "male population"?

Answer: It was changed as suggested by the male population.

23- Question 18: pp. 289 -- 300: results for peak of force, force decrement, and cut-off points were just comment and not compared to others results from literature.

In discussion section, authors limited to explain differences regarding the references of force for handgrip test by comparing with others similar studies, or even reinforce main results. The applications to parametrize muscle syndromes and support occupational adjustments were discussed superficially.

Answer: "Considering the scarcity of studies that establish normative values and the fact that sarcopenia and frailty have not been evaluated, we consider it too relevant to conduct the discussion in the light of studies that had the same objectives ".

24-Conclusion

Question 19 : pp. 304-309: author concluded about possible applications of the results. Most of these applications had no results to support the appointments. For example: (1) the ability to perform work above head was not related to handgrip force, and (2) the clinical relevance of handgrip force ability or disability to endorse worker relocation should be the proposition for future studies.

Answer: The sentence was rewritten and simplified

"Normative values can help delineate the career path of workers because they represent risk values according to age, height, and gender. These thresholds can be very useful to help on the adjustment of work conditions to the morphological and strength characteristics of the worker. Thus, it is possible to design or redesign the conditions work processes associated with the predictive values of HGS and the implementation of the workers\' clinical surveillance system through periodic using the HGS test."
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